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(54) Title: PROCESS FOR THE PRODUCTION OF ALKYLATED BENZENES 



(57) Abstract 



A process of preparing an alkylated benzene or mixture of alkylated benzenes involving contacting a benzene feedstock with a solid 
acid, such as an acidic clay or acid zeolite, in a pretreatment zone at a temperature greater than about 130 °C but less than about 300 °C to 
form a pretreated benzene feedstock, and thereafter contacting the pnetreated benzene feedstock with (a) an alkylating agent in an alkylation 
zone or (b) a transaikylating agent in a transalkylation zone, in the presence of an alkylation/transalkylation catalyst so as to prepare the 
alkylated benzene or mixture of alkylated benzenes. The pretreatment step improves the lifetime of the alkylation/transalkylation catalyst. 
Preferred products are ethylbenzene and cumene. 
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PROCESS FOR THE PRODUCTION OF ALKYLATED BENZENES 

In one aspect, this invention pertains to a process for the production of 
alkylated benzenes by alkylating benzene with an alkylating agent or by transalkylating 
benzene with a transalkylating agent in the presence of a catalytic zeolite. In another 
5 aspect, this invention pertains to a method of increasing the lifetime of a zeolite 
alkylation/transalkylation catalyst. 

Alkylation and transalkylation processes employing zeolite catalysts are useful 
for producing monoalkylated and dialkylated benzenes. Monoalkylated benzenes, such as 
ethylbenzene and cumene. are highly valuable bulk chemicals. Ethylbenzene, for example, 
10 is used in the preparation of styrene, a precursor to polystyrene. Cumene is used in the 
preparation of phenol and acetone. Dialkylated benzenes, such as para- 
di(isopropyl)benzene, are useful starting materials for preparing the corresponding 
dicarboxylic acid or dihydroxy benzenes, for example, hydroquinone. 

It is known to alkylate benzene with an olefin in the presence of a catalytic 
15 zeolite. With regard to the use of dealuminated acid mordenite zeolite, reference is made to 
U.S. patent 4,891,448, U.S. patent 5,198,595, U.S. patent 5,243,1 16, and European Patent 
publication 0,366,515. With regard to the use of zeolite ZSM-5, reference is made, for 
example, to U.S. patent 4,665,255. With regard to the use of zeolite beta, reference is made 
to U.S. patent 4,891,458, and U.S. patent 5,081,323. 

20 It is known that the lifetime of a zeolite alkylation catalyst is shortened by 

polymerization of the olefinic alkylating agent and by formation of carbonaceous deposits 
(polyaromatics). Periodically, an alkylation reactor, whether operating in a liquid or gas 
phase, must be shut down to regenerate the catalyst. Regeneration is typically effected by 
controlled burning off of the condensed polymers and carbonaceous deposits in air at 

25 elevated temperature, for example, at a temperature between about 400°C and about 

700°C. Disadvantageously, repeated regeneration at elevated temperatures can damage 
the zeolite. 

It is known, for example from PCT application WO 89/12613, that the lifetime 
of an alkylation catalyst can be improved by adding hydrogen to the alkylation feedstream. 
30 Disadvantageously, this process requires a hydrogen supply which increases expenses and 
necessitates a complex engineering design. 
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Some patents, such as PCT application WO 93/00992 disclose the addition of 
water to an alkylation feed or alkylation/transalkylation molecular sieve catalyst to increase 
the lifetime of the catalyst In contrast, other patents, such as U.S. 5,030,786, teach an 
increase in catalyst lifetime on decreasing the concentration of water in the alkylation 
5 feedstream. 

It is also known, such as from U.S. patents 4,358,362 and 5,245,094, to 
enhance the activity of a zeolite catalyst employed in a catalytic conversion process by 
pretreating the process feedstock over a molecular sieve zeolite. This method has been 
illustrated for pretreating hydrocarbon feedstocks used in dewaxing processes and for 
io pretreating C 620 olefinic feedstocks derived from the dehydrogenation of long-chain paraffins, 
for use in alkylation processes. 

It would be advantageous to find an effective method for improving the 
lifetime of a zeolite catalyst employed in an alkylation or transalkylation process, preferably 
for preparing ethylbenzene or cumene. It would be more advantageous if the regeneration 
15 method could be used without damage to the catalyst and without undue expense and 
complex engineering. 

In one aspect, this invention is a process of alkylating a benzene feedstock 
with an alkylating agent or of transalkylating a benzene feedstock with a transalkylating 
agent to form an alkylated benzene product. The term "benzene feedstock" embraces in its 

20 scope unsubstituted benzene as well as substituted benzenes, as described hereinafter. 

The process comprises contacting the benzene feedstock with a solid acid in a pretreatment 
zone at a temperature greater than about 130°C but less than about 300°C to form a 
pretreated benzene feedstock, and thereafter contacting the pretreated benzene feedstock 
with (a) an alkylating agent in an alkylation zone or (b) a transalkylating agent in a 

25 transalkylation zone, the contacting occurring in the presence of an alkylation/transalkylation 
catalyst under reaction conditions sufficient to produce an alkylated benzene or mixture of 
alkylated benzenes. 

in another aspect, this invention is a method of increasing the lifetime of a 
zeolite catalyst employed in an alkylation or transalkylation process. The method involves 
30 pretreating an alkylation or transalkylation feedstream prior to contacting it with the 

alkylation/transalkylation catalyst. The pretreatment procedure, as noted hereinabove, 
comprises contacting the aforementioned benzene feedstock of an alkylation or 
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transalkylation feedstream with a solid acid at a temperature greater than about 130°C but 
less than about 300°C. 

The aforementioned process of this invention which involves pretreating a 
benzene feedstock provides an effective method of extending the lifetime of an 
alkylation/transalkylation catalyst. As further advantages, the pretreatment method is 
inexpensive, easy to implement, and not damaging to the catalyst. Alkylation and 
transalkylation processes improved by the pretreatment method of this invention are 
beneficially employed in the preparation of valuable monoalkylated and dialkylated 
benzenes, including the alkylation of benzene with ethylene or propylene to form 
ethylbenzene or cumene and the corresponding diethyl or di(isopropyl)benzenes, or 
alternatively, the transalkylation of benzene with polyethylbenzene or poly(isopropyl)benzene 
to form ethylbenzene or cumene. 

Figure 1 of the drawings is a plot of the weight percent cumene in the 
alkylation reactor outlet as a function of time and pretreatment bed (guard bed) temperature. 

Figure 2 of the drawings is a plot of the weight percent cumene in the 
alkylation reactor outlet as a function of time, pretreatment bed (guard bed) temperature 
(R1), and alkylation reactor temperature (R2). 

The process of this invention produces an alkylated benzene or mixture of 
alkylated benzenes, preferably, monoalkylated and/or dialkylated benzenes. More 
preferably, the process of this invention produces a C 2 5 alkylated benzene or mixture of C 25 
alkylated benzenes. Most preferably, the monoalkylated benzene is ethylbenzene or 
cumene. Most preferably, the dialkylated benzene is diethylbenzene or 
di(isopropyl)benzene. The process involves pretreating a benzene feedstock by contacting 
the same with a solid acid in a pretreatment zone at a temperature greater than about 130°C 
but less than about 300°C, and thereafter contacting the pretreated benzene with an 
alkylating agent in an alkylation zone or with a transalkylating agent in a transalkylation zone 
in the presence of a zeolite alkylation/transalkylation catalyst. 

In a preferred embodiment, this invention is a method of preparing 

ethylbenzene or cumene comprising contacting unsubstituted benzene with a solid acid in a 

pretreatment zone at a temperature greater than about 130°C but less than about 300°C, 

and thereafter contacting the pretreated benzene with ethylene or propylene in an all<ylation 

zone in the presence of a zeolite alkylation catalyst under reaction conditions sufficient to 
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produce ethylbenzene or cumene. In a more preferred embodiment, the alkylation process 
is conducted in a liquid phase with a catalyst selected from the group consisting of acidic 
zeolites mordenite, beta, omega, and MCM-22. In another more preferred embodiment, the 
alkylation is conducted in a vapor phase with a catalyst selected from the group consisting of 
5 acidic zeolites mordenite and ZSM-5, and porous crystalline magnesium siiicates. 

In yet another preferred embodiment, this invention is a process of preparing 
ethylbenzene or cumene comprising contacting unsubstituted benzene with a solid acid in a 
pretreatment zone at a temperature greater than about 130°C but less than about 30Q°C, 
and thereafter contacting the pretreated benzene with a polyethylated benzene or 
io poly(isopropylated) benzene in a transalkylation zone in the presence of a zeolite 

transalkylation catalyst under reaction conditions sufficient to produce ethylbenzene or 
cumene. In a more preferred embodiment, the transalkylation process is conducted in a 
liquid phase with a catalyst selected from the group consisting of acidic zeolites mordenite, 
beta, and ZSM-12. 

15 The alkylation feedstream contains a benzene component and an alkylating 

agent. The benzene component can be unsubstituted benzene or a substituted benzene. 
References broadly made herein to the "benzene component" or "benzene feedstock" are 
meant to include both unsubstituted and substituted species of benzene. Substituted 
benzenes include benzenes substituted with alkyl, preferably C ( . 10 alkyl, and/or hydroxyl 

20 groups. Toluene, xylene, ethylbenzene, cumene, and phenol are examples of suitable 
substituted benzenes. Preferably, the benzene component of the feedstream contains 
benzene in its unsubstituted form. More preferably, the benzene component is essentially 
free of fluoride-containing impurities. The term "essentially free" means that the fluoride 
concentration is less than about 100 parts per billion (ppb) by weight. 

25 The alkylating agent can be any compound which is capable of alkylating the 

benzene component to an alkylated benzene. Preferably, the alkylating agent is an olefin, 
more preferably, an aliphatic or cycloaliphatic olefin having from two to about twelve carbon 
atoms. Even more preferably, the alkylating agent is an aliphatic olefin having from two to 
about five carbon atoms. Most preferably, the o!ef inic alkylating agent is ethylene or 

30 propylene, and the preferred monoalkylated products are ethylbenzene and cumene, 
respectively. Likewise, the preferred dialkylated products are diethylbenzene and 
di(isopropyl)benzene, respectively. 
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The transalkylation feedstream contains a benzene component identical to 
that described hereinabove and a transalkylating agent. Preferably, the benzene component 
is unsubstituted benzene. Typically, the transalkylating agent comprises a polyalkylated 
benzene. The polyalkylated benzene contains a plurality of alkyl moieties, each 
5 independently containing from two to about twelve carbon atoms, more preferably, two to 
about five carbon atoms. Even more preferably, the polyalkylated benzene is a dialkylated 
or trialkylated benzene. Most preferably, the polyalkylated benzene is diethylbenzene or 
di(isopropyl)benzene, and the monoalkylated product is ethylbenzene or cumene, 
respectively. The polyalkylated benzene may also be ring substituted with one or more 
io hydroxy! moieties or other moieties unreactive in the alkylation or transalkylation process. 

The alkylation or transalkylation feedstream may also contain water. 
Preferably, the water is dissolved in the feedstream, rather than being present as free water 
in a separate phase. Preferably, the water concentration is less than about 200 parts per 
million (ppm) by weight, and more preferably, less than about 100 ppm by weight. If the 

15 water concentration exceeds the preferred range, then it is preferable to dry at least one of 
the alkylation or transalkylation feedstream components so as to reduce the water 
concentration of the alkylation or transalkylation feedstream to less than about 200 ppm. 
Preferably, the water is removed by conventional azeotropic distillation. An alternative 
drying procedure comprises sparging or purging any of the alkylation or transalkylation 

20 feedstream components with an inert gas, such as helium or nitrogen or argon, at a 

temperature ranging from about 10°C to about 90°C, and preferably from about ambient, 
taken as 22°C, to about 60 C C, until a water concentration of less than about 200 ppm is 
achieved. As a further alternative, one or more of the components of the alkylation or 
transalkylation feedstream can be contacted with a solid drying agent. 

25 Any solid drying agent known to those skilled in the art may be used to reduce 

the water concentration in the alkylation or transalkylation feedstream. Non-limiting 
examples of suitable drying agents include aluminas, silicas, silica-aluminas, and zeolites. 
The aluminas, silicas, and silica-aluminas may be crystalline or amorphous. Zeolites are 
crystalline microporous aluminosilicates which have framework structures formally 

30 constructed from (SiG 4 ) and (A!G 4 ) tetrahedra that share vertices. Each framework topology 
contains a regular array of pores, channels, and/or cages that vary in size, shape, and 
dimensionality. Examples of suitable zeolites include erionite, chabazite, rho, gismondine, 
Linde 13X, and Linde type A (LTA) molecular sieves, such as 3A, 4 A, and 5 A. A description 
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of these zeolites, their structures, properties, and methods of synthesis can be found in the 
following references: Zeolite Molecular Steves, Donald W. Breck, John Wiley & Sons, 1974; 
Atlas of Zeolite Structure Types, 3rd ed., W. M. Meier and D. H. Olson, Butterworth- 
Heinemann, 1992; and Handbook of Molecular Sieves, R. Szostak, Chapman & Hall, New 
5 York, 1992; which are incorporated herein by reference. Many of the suitable aluminas, 

silicas, silica-aluminas, and zeolites are commercially available. The preferred drying agents 
comprise LTA zeolites, including 3A, 4A, and 5A, in addition to Linde zeolite 13X and 
Selexsorb CDO® brand alumina. 

In the general practice of the drying procedure with a solid drying agent, one 
10 or more components of the alkylation or transalkylation feedstream are passed in the liquid 
phase through a bed containing the drying agent under conditions sufficient to lower the 
water concentration to a value no greater than about 200 ppm by weight. Typically, the 
sorbent temperature ranges from about 10°C to about 90°C, and preferably, from about 
ambient, taken as about 22°C, to about 60°C. The pressure may range from 
15 subatmospheric to superatmospheric, but usually ranges from a pressure sufficient to 

maintain the alkylation or transalkylation feedstream component(s) in the liquid phase to a 
pressure of about 50 bar (5,000 kPa). Preferably, the pressure ranges from about 1 bar 
(100 kPa) to about 3 bar (300 kPa). The weight hourly space velocity of the component(s) 
which is(are) contacted with the adsorbent bed ranges from about 0.1 gram feed per gram 
20 drying agent per hour (hr 1 ) to about 100 hr \ 

Benzene and substituted benzenes can also contain oxygen and organic 
oxygenates. The equilibrium concentration of molecular oxygen which is dissolved in 
unsubstituted benzene at about 23°C is about 300 ppm by weight, as measured by an 
oxygen analyzer, such as, an Orbisphere Oxygen Analyzer Model 26083. For the purposes 

25 of this invention "organic oxygenates" are defined as organic compounds which comprise 
carbon, hydrogen, and oxygen. Non-limiting examples of organic oxygenates which may be 
found in benzene and substituted benzenes include organic hydroperoxides, ketones, 
aldehydes, and phenols. The organic oxygenates may be natural impurities in the aromatic 
hydrocarbon as it is obtained from coal tar, or from a gasoline refinery, or from a benzene 

30 extraction unit, or a hydrodeaikylation unit typicaiiy present ai naphtha steam cracker 

facilities. Alternatively, the organic oxygenates may be produced by the reaction of oxygen 
with hydrocarbons present in the feed. In addition to oxygen and oxygenates, aromatic 
hydrocarbons may also contain small amounts of other impurities, including nitrogen- 
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containing organic compounds, typically for example, traces of extraction solvents, such as 
N-methylpyrrolidone. 

it is believed that low levels of the aforementioned impurities, even as low as 
in the parts per million range, may be detrimental to the lifetime of an 
5 alkylation/transalkylation catalyst. Unexpectedly, it has now been found that pretreatment of 
the alkylation/transalkylation feedstream, particularly at a temperature greater than about 
130°C but less than about 300°C, significantly improves the alkylation/transalkylation catalyst 
lifetime. It is believed that the pretreatment procedure removes or reduces the concentration 
of the aforementioned impurities, thereby beneficially increasing the catalyst lifetime. Such a 
10 belief, however, is only a theory and should not necessarily be binding in any way upon the 
process of this invention. 

Thus, in accordance with the process of this invention the alkylation or 
transalkylation feedstream is pretreated by contacting the benzene feedstock with a solid 
acid at a temperature greater than about 130°C but less than about 300°C. The benzene 

15 feedstock refers to the unsubstituted or substituted benzene component described 

hereinabove, but does not refer to the transalkylating agents. Suitable solid acids include 
amorphous and crystalline acid aluminas, silicas, and silica-aluminas; acidic clays, acid 
zeolites, and acidic mesoporous aluminosilicates. Zeolites are typically microporous, which 
means that they possess pores having a diameter or critical dimension between about 4 

20 Angstroms (A) and about 20A. For the purposes of this invention mesoporous 

aluminosilicates will be those which contain pores having a diameter or critical dimension 
greater than about 20A up to about 200A. Non-limiting examples of suitable zeolites and 
mesoporous aluminosilicates include ZSM-5, ZSM-11, ZSM-35, clinoptilolite, ferrierite, 
stilbite, EU-1, MCM-22, and NU-87, as well as, mordenite, omega, beta, faujasites, including 

25 X and Y, gmelinite, ZSM-12, cancrinite, L, MCM-41, MCM-49, MCM-56, and MCM-58. Many 
of the aforementioned materials are commercially available. Descriptions of zeolites and 
mesoporous aluminosilicates, including their structures, properties, and methods of 
synthesis, can be found in the current literature, for example, in Zeolite Molecular Sieves, 
Donald W. Breck, op. cit.; Atlas of Zeolite Structure Types, 3rd ed M W. M. Meier and D. H. 

30 Oison, op. cit.; and Handbook of Molecular Sieves, R. Szcstak, Chapman & Ha!!, New York, 
1992, op. cit.; incorporated herein by reference. Preferably, the zeolite used in the 
pretreatment zone is the same type of zeolite which is used as a catalyst in the alkylation or 
transalkylation zone. Preferably, the zeolite used in the pretreatment zone is selected from 
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the group consisting of zeolites mordenite, beta, ZSM-5, Y, L, omega, MCM-22, MCM-49, 
and MCM-56. 

The silica/alumina molar ratio of the zeolite or mesoporous aluminosilicate 
used in the pretreatment zone may vary within a wide range, preferably, from about 5 to 
5 about 10,000. More preferably, the silica/alumina molar ratio ranges from about 5 to about 
300. 

The pretreatment zone may comprise any conventional reactor design, 
including continuous and intermittent flow, batch and fixed-bed reactors. Preferably, the 
pretreatment zone is a continuous flow, fixed-bed reactor. The pretreatment zone may be 

10 constructed as a separate reactor which is connected in series to an 

alkylation/transalkylation reactor. Alternatively, the pretreatment zone may comprise only 
one section of a reactor containing both pretreatment and alkylation or transalkylation zones. 
Alternatively, a multi-bed reactor may be used wherein the first bed comprises the 
pretreatment zone, wherein the alkyla-ting/transalkylating agent is introduced at the second 

15 bed and further beds along a multi-bed chain, and wherein further along the chain a 
transalkylation reactor may be placed. 

The process conditions under which the benzene component is contacted 
with the solid acid varies depending upon the particular benzene chosen and its substitution, 
as well as the solid acid employed. Usually, the contacting occurs at a temperature greater 

20 than about 130°C, preferably, greater than about 150°C, more preferably, greater than about 
165°C. Usually, the contacting occurs at a temperature less than about 300°C, preferably, 
less than about 250°C, more preferably, less than about 225°C. Below about 130°C the 
effectiveness of the pretreatment method may be reduced. Above about 300°C undesirable 
side reactions may occur, and the pretreated benzene feedstock may be too hot for liquid 

25 phase alkylation/transalkylation processes. If the benzene component of the alkylation or 
transalkylation feedstream is an alkyl-substituted benzene, then the preferred contacting 
temperature is at the lower end of the temperature range, for example, from greater than 
about 130°C to less than about 150°C. With alkyl-substituted benzenes at higher 
temperatures, undesirable processes, such as isomerization. disproportionation, and 

30 unwanted transalkylations may occur. 

Generally, the benzene feedstock can be in a liquid or gaseous phase, 
preferably, the liquid phase. The pressure may range broadly from subatmospheric to 
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superatmospheric, but preferably, is in a range from about 1 bar (100 kPa) to about 45 bar 
(4,500 kPa). In a liquid phase process, the weight hourly space velocity of the benzene 
component typically ranges from about 0.1 hr 1 to about 1000 hr 1 and preferably ranges from 
about 1 hr ! to about 100 hr 1 . In a vapor phase process, the gas hourly space velocity of the 
5 benzene component typically ranges from about 1 hr 1 to about 1000 hr 1 and preferably 
ranges from about 10 hr" 1 to about 100 hr" 1 . 

When the alkylation or transalkylation feedstream is p retreated by the method 
described hereinabove, then surprisingly the lifetime of the alkylation/transalkylation catalyst 
is significantly increased. The extent to which the lifetime is increased will depend upon the 
10 specific reagents treated, the specific process conditions, and the level of contamination in 
the feed. 

Any alkylation/transalkylation catalyst can have its lifetime lengthened by the 
aforementioned process of this invention. Suitable catalysts include acidic zeolites and 
mesoporous aluminosilicates, as well as porous crystalline magnesium silicates. Non- 
15 limiting examples of specific catalysts include mordenite, ZSM-5, ZSM-12, beta, Y t omega, 
EU-1, NU-87, L f MCM-22, SSZ-25, MCM-36, MCM-49, MCM-56, and MCM-58. Some of 
these materials are commercially available, and methods for the preparation of all of these 
materials are known. For example, U.S. patents 5,198,595 and 5,243,1 16, and European 
patent publication 0,366,515 describe the preparation of dealuminated acid mordenites. 
20 Acid ZSM-5 and its preparation are described in U.S. patent 3,702,886. ZSM-12 is 

described in U.S. 3,832,449. Beta is described in U.S. 4,891,458 and U.S. 5,081,323; 
zeolite Y in U.S. 3,130,007; MCM-22 in U.S. 4,992,606 and U.S. patent 5,954,325; SSZ-25 
in U.S. 4,826,667 and U.S. 5,149,894 and U.S. 5,421,992; MCM-36 in U.S. 5,258,565; 
MCM-49 in U.S. 5,236,575 and WO 94/29245; MCM-56 in U.S. 5,453,554; MCM-58 in WO 
25 95/1 1 196, and porous crystalline magnesium silicates in U.S. 4,499,320. Omega, EU-1 , NU- 
87, and L are referenced in W. M. Meier and D. H. Olson, Atlas of Zeolite Structure Types, 
op. cit.. The aforementioned references are incorporated herein by reference. Preferred 
alkylation/transalkylation catalysts include mordenite, beta, omega, MCM-22, EU-1, ZSM-5, 
and porous crystalline magnesium silicates. 

30 A preferred form of the mordenite zeolite used in both the pretreatment zone 

and the alkylationAtransalkylation zone is described in U.S. patent 4,891,448 and related 
U.S. patents 5,175,135; U.S. 5,198,595, and U.S. 5,243,116, which are incorporated herein 
by reference. This preferred catalyst is a dealuminated acid mordenite zeolite having a 
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silica/alumina molar ratio of at least about 30:1 and a Symmetry Index, as determined by X- 
ray diffraction, of at least about 1.0. The catalyst preferably has a porosity such that the total 
pore volume is in the range from about 0.18 cc/g to about 0.45 cc/g while the ratio of the 
combined mesopore and micropore volumes to the total pore volume is in the range from 
5 about 0.25 to about 0.75. As related to this mordenite, a micropore has a radius in the range 
of about 3 Angstrom (A) units to 10 A; a mesopore has a radius in the range of greater than 
10 A up to 100 A; and a macropore has a radius in the range of greater than 100 A up to 
1000 A. The preferred mordenite catalyst is prepared by a method comprising: (1) calcining 
in air or heating in an inert atmosphere an acidic mordenite having a silica/alumina molar 

io ratio less than 30:1 and having a Symmetry Index between about 0.5 and about 1.3, more 
preferably between about 0.7 and about 1 .3, and thereafter (2) treating the calcined or 
heated mordenite with strong acid under reaction conditions sufficient to yield a 
silica/alumina molar ratio of at least 30:1, and optionally (3) repeating the steps of (1) 
calcining or heating and (2) treating with strong acid at least once so as to remove additional 

15 alumina. 

The alkylation or transalkylation process itself is conducted as generally 
described in the above-cited patents, for example, U.S. 4,891 ,448; U.S. 5,081,323; U.S. 
5,198,595; and U.S. 5,243,1 16, incorporated herein by reference. In contrast to the prior art, 
hydrogen gas is preferably not added to the alkylation or transalkylation process of this 

20 invention. The contacting of the pretreated feedstream with the alkylating or transalkylating 
agent over the alkylation/transalkylation catalyst may occur in a reactor of any configuration. 
Batch-type and continuous reactors, such as fixed bed, slurry bed, fluidized bed, catalytic 
distillation, and countercurrent reactors, are suitable configurations for the contact. 
Preferably, the reactor is a fixed-bed, continuous flow reactor. The alkylation feedstream 

25 may be in the liquid or gaseous phase. 

For the alkylation process, the ratio of the benzene component to catalyst 
may be any weight ratio which produces the desired alkylated benzene with relatively high 
selectivity. Preferred ratios will depend upon the way the process is operated. For example, 
in a continuous mode of operation and in the liquid phase, the weight hourly space velocity 
30 (WHSV) of the overall feed with respect to catalyst is preferably in the range from about 0.5 
hr 1 to about 100 hr \ more preferably, from about 0.5 hr 1 to about 20 hr 1 . For the gas 
phase, the gas hourly space velocity (GHSV) preferably ranges between about 10 hr" 1 and 
200 hr" 1 . 



10 



WO 98/07673 



PCT/US97/14650 



The molar ratio of the benzene component to alkylating agent may vary 
depending on the identity of the alkylating agent, type of reaction such as batch or 
continuous, and reaction conditions such as temperature, pressure, and space velocity. In a 
continuous alkylation process, the molar ratio of the benzene component to alkylating agent 
5 is preferably at least about 1 :1 , more preferably, between about 1:1 and about 25:1 . 

The alkylation process conditions may be any which produce an alkylated 
benzene or mixture of alkylated benzenes. Typically, the temperature ranges between about 
100°C to about 550°C. When the benzene component and the alkylating agent are in the 
liquid phase, the process temperature preferably ranges between about 100°C and about 
10 300°C. When the benzene component and the alkylating agent are both in the vapor phase, 
the process temperature preferably ranges between about 350°C and about 500°C. Typical 
alkylation pressures range from about 10 bar (1,000 kPa) to about 200 bar (20,000 kPa), 
preferably, from about 20 bar (2,000 kPa)to about 100 bar (10,000 kPa). 

In a preferred embodiment, benzene and ethylene or propylene are contacted 
15 in the liquid phase with the preferred acid mordenite, beta, MCM-22. or omega. These 

catalysts exhibit high selectivity to ethylbenzene and cumene and exhibit catalyst lifetimes on 
the order of at least about 500 hours and more preferably at least about 1000 hours. 

In another preferred embodiment, benzene and ethylene or propylene are 
contacted in the vapor phase with the preferred acid mordenite or with an acidic zeolite 
20 ZSM-5 or with a porous crystalline magnesium silicate. These catalysts also exhibit high 
selectivity to ethyJbenzene and cumene and catalyst lifetimes on the order of at least about 
500 hours and more preferably at least about 1000 hours. Moreover, the mordenite catalyst 
produces essentially no xylenes which, if formed, would be undesirable co-products. 

For the transalkylation process in a continuous mode of operation, the WHSV 
25 of the transalkylation feed with respect to the transalkylation catalyst is preferably in the 

range from about 0.1 hr~' to about 100 hr \ more preferably, in the range from about 0.1 hr 1 
to about 20 hr In the transalkylation process, the ratio of the total moles of benzene 
groups present in the benzene and polyalkylated benzene to the total moles of alkylated 
groups on the polyalkylated benzene is preferably between about i :1 and about 20:1 . More 
30 preferably, this molar ratio is from about 2:1 to about 10:1. Typically, the transalkylation 
temperature is in the range from about 140°C to about 300°C. Typical transalkylation 
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pressures range from about 10 bar (1 ,000 kPa) to about 200 bar (20,000 kPa), preferably, 
from about 20 bar (2,000 kPa) to about 100 bar (10,000 kPa). 

Alkylated products are typically removed from the alkylation and 
transalkylation product streams by distillation. Unreacted benzene and/or alkylating agent 
5 may be recycled to the alkylation zone. Likewise, unreacted benzene and/or transalkylating 
agent may be recycled to the transalkylation zone. Typically, the recycle streams are not 
recycled into the pretreatment zone. 

The following examples are presented to illustrate the claimed process of this 
invention. The examples illustrate the importance of the pretreatment zone temperature on 
in alkylation/transalkylation catalyst stability. These examples, however, should not be 
construed to limit the scope of this invention. 

Example 1 . - Alkylation of Benzene with Propylene to Form Cumene 

Benzene is alkylated with propylene to form cumene as follows. A 
pretreatment zone is connected in series to an alkylation zone. The pretreatment zone 

15 comprises a fixed-bed, continuous flow, tubular reactor (1 .89 cm i.d. x 100 cm length) 
containing an acidic mordenite zeolite (10 g). The alkylation zone comprises a fixed-bed, 
continuous flow, tubular reactor (1 .89 cm i.d. x 100 cm length) containing the same acidic 
mordenite zeolite (1 g) as used in the pretreatment zone. The mordenite zeolite, having a 
silica/alumina molar ratio of 220, is prepared as described in U.S patent 5,198,595. 

20 Benzene produced by a naphtha cracker (combination extraction unit and hydrodealkylation 
unit) is passed through the pretreatment zone at a rate of 100 g/h (WHSV 10 hr '). The 
temperature of the pretreatment zone is varied as described hereinbelow; pressure is 
maintained at 36 bar (3,600 kPa). The pretreated benzene is mixed at the inlet of the 
alkylation reactor with propylene. Propylene flow (WHSV) is 5.2 hr "'; benzene/propyiene 

25 molar ratio is 19.2. The alkylation feedstream comprising benzene and propylene is passed 
through the alkylation zone. The alkylation zone is maintained at 130°C and 36 bar (3,600 
kPa). Figure 1 shows the effect of varying the temperature of the pretreatment zone on the 
yield of cumene. 

It is seen in Figure 1 that when the temperature of the pretreatment bed 
30 (guard bed) is maintained at 1 50°C, the alkylation catalyst maintains a steady yield of 

cumene. When the temperature of the pretreatment bed is lowered to 20°C while holding 
the alkylation process conditions constant, the cumene yield drops significantly indicating a 
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rapid decline in alkylation catalyst activity. When the temperature of the pretreatment bed is 
thereafter increased to 150°C, the yield of cumene stabilizes indicating that catalyst activity 
is stabilized. Note, however, that the loss in catalyst activity is irreversible. When the 
pretreatment bed temperature is further raised to 170°C, the deactivation rate of the 
alkylation catalyst is lowered even further. 

Example 2 . - Alkylation of Benzene with Propylene to Form Cumene 

The experimental setup of Example 1 is employed in the alkylation of benzene 
with propylene to form cumene, with the exception of the following changes. The 
pretreatment bed contains 20 g mordenite catalyst instead of 10 g. Benzene flow over the 
guard bed is 40 hr"\ Benzene flow over the alkylation catalyst is 800 hr \ Propylene flow 
into the alkylation reactor is 12 hr \ Combined propylene and benzene flow through the 
alkylation reactor is 812 hr' 1 . Benzene/propylene molar ratio is 66.7. Both the pretreatment 
zone and alkylation zone are started at 150°C. Figure 2 shows the effect of varying the 
temperatures of the pretreatment zone and the alkylation reactor on the yield of cumene. 

It is seen in Figure 2 that when the temperature of the pretreatment bed (R1) 
and the alkylation reactor (R2) are maintained at 150°C, the cumene concentration in the 
effluent drops from 1.6 weight percent to 1 .3 weight percent in about 10 hours. Thereafter, 
when the pretreatment bed temperature is raised to 170°C, the alkylation catalyst activity is 
stabilized and even increases slightly. Thereafter, when the alkylation temperature is 
lowered to 130°C while maintaining the guard bed temperature at 170°C, the cumene yield 
drops to 0.5 percent, but the alkylation catalyst exhibits only a slow deactivation rate. When 
the pretreatment bed temperature is raised to 190°C, the activity of the alkylation catalyst is 
again stabilized. Thereafter, when the temperature of the alkylation catalyst is raised to the 
initial value of 150°C and the pretreatment bed temperature is lowered to 170°C, the cumene 
yield increases to 1 .2 weight percent and the alkylation catalyst shows little deactivation. 
Finally, when the temperature of the pretreatment bed is lowered to 1 50°C, the alkylation 
catalyst exhibits an increased deactivation. 

The results of Examples 1 and 2 show that the temperature of the 
preireatmeni bed piays a significant roie in the deactivation rate of the aikyiation cataiyst. As 
the temperature of the pretreatment bed is raised, the deactivation rate of the alkylation 
catalyst decreases. Conversely, as the temperature of the pretreatment bed is lowered, the 
deactivation rate of the alkylation catalyst increases. 
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CLAIMS: 

1 . A process of preparing an alkylated benzene or mixture of alkylated 
benzenes comprising contacting a benzene feedstock with a solid acid in a pretreatment 
zone at a temperature greater than about 130°C but less than about 300°C to form a 
5 pretreated benzene feedstock, and thereafter contacting the pretreated benzene feedstock 
with (a) an alkylating agent in an alkylation zone or (b) a transalkylating agent in a 
transalkylation zone, the contacting occurring in the presence of an alkylation/transalkylation 
catalyst under reaction conditions sufficient to produce the alkylated benzene or mixture of 
alkylated benzenes. 

10 2. The process of Claim 1 wherein unsubstituted benzene is employed. 

3. The process of Claim 1 wherein a substituted benzene is employed 
containing at least one substituent selected from alkyl and hydroxyl moieties. 

4. The process of Claim 1 wherein the solid acid is selected from acidic 
aluminas, silicas, silica-aluminas, clays, zeolites, and mesoporous aluminosilicates. 

15 5. The process of Claim 1 wherein the solid acid is an aluminosilicate 

selected from ZSM-5, ZSM-11, ZSM-35, clinoptilolite, ferrierite, stilbite, EU-1, NU-87, 
mordenite, omega, beta, faujasttes, gmelinite, ZSM-12, cancrinite, L, MCM-22, MCM-41, 
MCM-49, MCM-56, and MCM-58. 

6. The process of Claim 5 wherein the silica/alumina molar ratio of the 
20 aluminosilicate ranges from about 5 to about 10,000. 

7. The process of Claim 1 wherein the temperature in the pretreatment bed 
is greater than about 150°C and less than about 250°C, and wherein the pressure ranges 
from about 1 bar (1 00 kPa) to about 45 bar (4,500 kPa) and the space velocity of the 
benzene component ranges from about 0.1 hr ' to about 1000 hr \ 

25 8. The process of Claim 1 wherein the benzene component is passed over a 

drying agent prior to pretreatment over the solid acid so as to reduce the water concentration 
to less than 200 ppm by weight. 

9. The process of Claim 8 wherein the drying agent is selected from silicas, 
aluminas, silica-aluminas, and zeolites. 
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10. The process of Claim 9 wherein the temperature of the drying agent 
ranges from about 10°C to about 90°C. 

1 1 . The process of Claim 1 wherein the benzene component is dried by 
purging with an inert gas prior to entry into the pretreatment zone. 

12. The process of Claim 1 wherein the benzene component is dried by 
azeotropic distillation. 

13. The process of Claim 1 wherein the alkylating agent or transalkylating 
agent is purged with an inert gas prior to entry into the alkylation or transalkylation zone. 

14. The process of Claim 1 wherein the alkylating agent is an olefin having 
from two to about twelve carbon atoms. 

15. The process of Claim 14 wherein the alkylating agent is ethylene or 

propylene. 

1 6. The process of Claim 1 wherein the transalkylating agent is a 
polyalkylated benzene. 

17. The process of Claim 16 wherein the transalkylating agent is 
polyethylbenzene or poly(isopropyl)benzene). 

18. The process of Claim 1 wherein the alkylation/transalkylation catalyst is 
mordenite, beta, ZSM-5 t ZSM-12, Y t omega, EU-1, NU-87, L, MCM-22, SSZ-25, MCM-36, 
MCM-49, MCM-56, MCM-58, or a porous crystalline magnesium silicate. 

19. The process of Claim 1 wherein the alkylation is conducted in a liquid 
phase, and the alkylation catalyst is acid mordenite, beta, omega, or MCM-22. 

20. The process of Claim 1 wherein the alkylation is conducted in a vapor 
phase, and the alkylation catalyst is acid mordenite, ZSM-5 or a porous crystalline 
magnesium silicate. 

21 . The process of Claim 1 wherein the alkylation/transalkylation catalyst is 
an acidic mordenite having a silica/alumina molar ratio of at least 30/1 and a Symmetry 
Index, as determined by X-ray diffraction, of at least about 1.0 and wherein the acid 
mordenite is prepared by a method comprising (1) calcining in air or heating in an inert 
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atmosphere an acid mordenite having a silica/alumina molar ratio less than 30/1 and a 
Symmetry Index in the range from 0.5 to about 1 .3, and thereafter (2) treating the calcined or 
heated mordenite with a strong acid under reaction conditions sufficient to increase the 
silica/alumina molar ratio to at least 30/1 and (3) repeating the steps of (1) calcining or 
5 heating and (2) strong acid treating at least once to remove additional alumina. 

22. The process of Claim 1 wherein the alkylation temperature ranges from 
about 100°C to about 550°C and the pressure ranges from about 10 bar (1 ,000 kPa) to 
about 200 bar (20,000 kPa). 

23. The process of Claim 1 wherein the transalkylation temperature ranges 
10 from about 140°C to about 300°C and the pressure ranges from about 10 bar (1 ,000 kPa) to 

about 200 bar (20,000 kPa). 

24. A process of preparing ethylbenzene or cumene comprising contacting 
benzene with a zeolite or a mesoporous aluminosilicate in a pretreatment zone at a 
temperature greater than about 130°C but less than about 300°C to form a pretreated 

15 benzene, and thereafter contacting the pretreated benzene with ethylene or propylene in an 
alkylation zone, the contacting occurring in the presence of an alkylation catalyst selected 
from acidic zeolites mordenite, beta, omega, MCM-22, ZSM-5, and porous crystalline 
magnesium silicates at a temperature ranging from about 100°C to about 550°C and a 
pressure ranging from about 10 bar (1 ,000 kPa) to about 200 bar (20,000 kPa) so as to 

20 produce ethylbenzene or cumene. 

25. A process of increasing the lifetime of an alkylation/transalkylation 
catalyst employed in the alkylation of a benzene feedstock with an alkylating agent, or 
employed in the transalkylation of a benzene feedstock with a polyalkylated benzene, the 
process comprising contacting the benzene feedstock with a solid acid selected from acidic 

25 aluminas, silicas, silica-aluminas, clays, zeolites and mesoporous aluminosilicates at a 
temperature greater than about 130°C but less than about 300°C prior to alkylation or 
transalkylation. 



16 



WO 98/07673 



PCIYUS97/14650 




SUBSTITUTE SHEET (RULE 26) 



WO 98/07673 



PCTYUS97/14650 




SUBSTITUTE SHEET (RULE 26) 



1 I 

INTERNATIONAL SEARCH REPORT 


Intern nei Application No 

PCT/US 97/14650 


A. CLA SIFICATION OF SUBJECT MATTER 

IPC 6 C07C15/G2 C07C15/073 C07C15/085 B01J29/18 




According to International Patent Clarification (IPC) or to both national classification and IPC 






B. FIELDS SEARCHED 


Minimum documentation eve arched (classification system followed by classification symbols) 

IPC 6 C07C 


Documentation aearohed other than minimum documentation to the extent that such documento are inoluded in the holds searched 


Electronic d 


lata baao consulted duhng the international search (name of data ba 


se and, where practical search terms used) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category * 


Citation of document, with indication, where appropriate, of the rolovant paooagoo 


Relevant to claim No. 


X 


US 5 030 786 A (SHAMSHOUM EDWAR S ET AL) 
9 July 1991 

cited in the application 
see column 3 - column 6 
see claims 


1-7, 
14-25 


£ J Further documents oro bated tn the continuation of box C . 


|)( [ Patont family rr 


ramboro are beted in annox 


" Spooial categories of cited documents : 

*A" document defining tho gonoral state of tho art em ion is not 

conoktored to bo of particular relevance 
"E" earfior documont but Dublin hod on or after the international 

fifing date 

"L" documont which may throw doubto on priority otaim(o) or 
which ro cited to ootabfoh tho publication dato of another 
citation or other opeoiol reaoon (as specified) 

*0* document referring to on oral etiocloouro, uoo, oxhbttion or 
other means 

"P* document published prior *» tfio wternatiert-? filing dsts but 
la tor than' tho priority dato claimed 


T" lator documont published after the international filing date 
or priority date and not in conflict with the application but 
crted to undoratand the principle or theory underlying the 
invention 

*X* documont of particular relevance ; the claimed invention 
cannot bo ooncidorod novel or cannot bo considered to 
involve an invontrvo otep whon the document is taken alone 

*Y" document of pertfouicr relevance: the olaimod invention 

cannot be oonoidorcd to involve an inventive step when the 
documont rs combined with one or more other such docu- 
ments, ouch oombmotoon boing obvious to a person skilled 
in the art. 

documont momber of the came patent family 


Dato of tho a 


ctual corn pto boo of the mtornat tonal ooarch 


Date of matbrig of tti 


ie international search report 


3 


November 1997 






f 


Name and mailing addreoo of the ISA 

Europoan Patent Office, P.B S818 Patentlaan 2 
NL - 2280 HV Rijawijk 

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 


Authorized officer 

Van Geyt, J j 



Fotm PCT/JSA/210 {second sheet) (Ju* 19S2) 



INTERNATIONAL SEARCH REPORT' 



iniormation on patent (amity members 



Inten. net Application No 

PCT/US 97/1465G 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



US 5030786 A 



09-07-91 



NONE 



Form PCT/ISA/210 {patant tamily annet) (July 1992> 



